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(54) Confocal microscope 

(57) The present invention relates to improvement 
in light-using efficiency in a confocal microscope incor- 
porating a confocal laser scanner which rotates a Nip- 
kow disk at high speed together with microlenses. In an 
embodiment of the present invention, a beam splitter is 
inserted and placed between two integrated disks, in 
each of which a plurality of microlenses and minute 
openings are arranged with the same pattern making an 
array respectively. This beam splitter must be of a plate 



type. In addition, the axis of the incident light is tilted by 
a significant angle to the vertical incident axis of the 
microlens. 

This cancels the light axis shift generated by a plate 
beam splitter and enables the incident light to the rele- 
vant microlens to be focused to the corresponding 
minute opening. 
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Description 

This invention relates to a confocal microscope 
incorporating a confocal laser scanner which rotates a 
Nipkow disk at high speed together with microlenses, 
and in particular, relates to improvement in light-using 
efficiency. 

DESCRIPTION OF THE PRIOR ART 

Confocal microscopes are already known, and a 
confocal light scanner using a Nipkow disk rotating at 
high speed is also well known as a scanner incorpo- 
rated in these confocal microscopes. However, those 
types of confocal microscopes or confocal scanners 
have their own problem of inefficient use of light. 

Figure 1 shows an example of such confocal light 
scanners. In the figure, laser 1 transmits microlenses 
(not shown) arranged in microlens disk 2 and cube- 
shaped dichroic mirror 4 respectively and focuses on 
pin-holes (minute openings, not shown) formed in an 
array in Nipkow disk 3. 

In addition, as microlens disk 2, the collector disk, 
for example, described in patent application No. Hei 4- 
15411 (1992) (first publication No. Hei 5-60980 (1993)) 
can be used. Collector disk 20 is, as shown in Figure 2, 
composed of glass plate 21 on which a number of Fres- 
nel lenses 22 are formed. The Fresnel lenses are so 
formed that the focusing position of each of them shifts 
radially one image plane by one image plane in turn. 

Dichroic mirror 4 is retained in the space between 
microlens disk 2 and Nipkow disk 3 with a supporting 
mechanism not shown in the figure. 

The light focused on the pin-holes of Nipkow disk 3 
transmits objective lens 6 and is irradiated on sample 7. 

Fluorescence emitted from sample 7 focuses on 
the pin-holes of Nipkow disk 3 through objective lens 6, 
and, thus, the real image of sample 7 is obtained at the 
above pin-holes. This image is reflected by dichroic mir- 
ror 4 and formed on the light-receiving plane of camera 
9 through relay lens 8. 

Nipkow disk 3 is coupled with microlens disk 2 and 
both disks rotate together by means of motor 5. In such 
a configuration, a two-dimensional image of the surface 
of sample 7 can be obtained on the light-receiving plane 
of camera 9 by scanning the surface of sample 7 with a 
light beam by rotating microlens disk 2 and Nipkow disk 
3. 

In such a conventional configuration, if a laser 
beam is incident vertically (at a 90-degree angle) to the 
microlens disk, the optical axis is not deflected in cube 
dichroic mirror 4, and so a light source image is formed 
on Nipkow disk 3 having the same pattern as that of 
microlens disk 2. This makes alignment of the micro- 
lenses and pin-holes easy. 

However, cube dichroic mirror 4 has a problem in 
that since it has glass both in front of and behind the film 
and the refractive indices are the same, it is difficult to 
obtain a sharp characteristic for separating fluores- 



cence from exciting light, compared with a plate dichroic 
mirror which can give a great difference between refrac- 
tive indices on both sides because one side of it can be 
the air. 

5 In order to improve fluorescence measuring per- 
formance in fluorescent confocal light scanners, the 
use of a plate dichroic mirror resolves the above prob- 
lem. However, if a plate dichroic mirror is inserted 
between disks 2 and 3, the optical axis shirts by d as 

w shown in Figure 3. For this reason, in this configuration, 
the pin-hole positions on Nipkow disk 3 could not be 
aligned with the microlenses in disk 2. As an aside, this 
problem is not limited to fluorescence types but also 
occurs in reflection beam splitters. 

15 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide a 
confocal microscope which can improve light-using 
20 efficiency in view of the above problem. 

The primary invention in this application discloses a 
confocal light scanner used for confocal microscopes 
which employs a plate beam splitter and is devised so 
that a converging laser beam of the microlens disk can 
2s be exactly incident to the Nipkow disk as well, and is 
characterized by taking the following configuration: 

in a confocal light scanner provided with two inte- 
grated disks, in one of which a number of micro- 

30 lenses are arranged while in the other a number of 
minute openings are arranged, both in an array in 
the same pattern, a rotation means for these two 
disks, a beam splitter inserted between the above 
two disks, and an objective lens placed between the 

as two disks and a sample; 

a plate beam splitter is used as the above beam 
splitter: 

40 the optical axis of light incident to the above micro- 
lenses is tilted to the optical axis of the vertical inci- 
dent light to the microlenses: and 

the light incident to the above microlenses focuses 
45 on the minute openings whose positions corre- 
spond to the relevant microlenses. 

In the confocal light scanner of the present inven- 
tion, a beam splitter is inserted and placed between two 

so integrated disks in each of which a number of micro- 
lenses and minute openings are arranged in an array in 
the same pattern respectively. This beam splitter will be 
a plate beam splitter. 

The optical axis of the incident light is tilted by a sig- 

55 n'rficant angle to the optical axis of incident light vertical 
to the microlenses. This cancels a shift of the optical 
axis generated by the plate beam splitter and enables 
the incident light to the microlenses to focus on the cor- 
responding minute openings. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a drawing showing the configuration of 
the essential part of a cofocal microscope in the prior 
art. 5 

Figure 2 is a drawing showing an example of the 
configuration of microlenses in the prior art. 

Figure 3 is a drawing illustrating the shift of the opti- 
cal axis in a dichroic mirror. 

Figure 4 is a drawing showing the configuration of 
the essential part in an embodiment of a confocal light 
scanner of the present invention. 

Figure 5 is an enlarged drawing illustrating the dich- 
roic mirror. 

Figure 6 is a drawing showing the configuration of 
the essential part in the second embodiment of a con- 
focal light scanner of the present invention. 

Figure 7 through Figure 10 are drawings showing 
the configuration of the essential parts in other embodi- 
ments of confocal light scanners of the present inven- 
tion. 

Figure 11 is a drawing showing the configuration of 
the essential part in another example of a confocal 
microscope in the prior art. 

Figure 12 is a drawing showing the relationship 
between the aperture of the objective lens and the laser 
light-incident position in the configuration shown in Fig- 
ure 11. 

Figure 13 is a drawing showing the configuration of 
the essential part in an embodiment of a confocal 
microscope of the present invention. 

Figure 14 is a drawing showing the relationship 
between the aperture of the objective lens and the laser 
light-incident position in the confocal microscope 
shown in Figure 13. 

Figure 15 is a drawing showing the configuration of 
the essential part in the case where a light scanner is 
mounted on a microscope having a finite optical system 
in the prior art. 

Figure 16 is a drawing showing the relationship 40 
between the aperture of the objective lens and the laser 
light-incident position in the configuration shown in Fig- 
ure 15. 

Figure 17 is a drawing showing the configuration of 
the essential part in another embodiment of a confocal 45 
microscope of the present invention. 

Figure 18 is a drawing showing the relationship 
between the aperture of the objective lens and the laser 
light-incident position in the configuration shown in Fig- 
ure 17. so 

Figure 19 is a drawing showing the configuration of 
the essential part in the third embodiment of a confocal 
microscope of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 55 
MENTS 

Hereafter the present invention will be described in 
detail using drawings. Figure 4 is a drawing showing the 



configuration of the essential part in an embodiment of 
a confocal light scanner of the present invention, and 
Figure 5 is an enlarged drawing illustrating the dichroic 
mirror. In the following description, the same symbols or 
numbers are given for the same parts as those in Figure 
1 and description of those parts will be omitted. 

In Figures 4 and 5, the number 41 indicates a plate 
dichroic mirror placed between microlens disk 2 and 
Nipkow disk 3. As shown in Figure 5, laser 1 is incident 
to microlens disk 2 with its optical axis tilted by angle e 
from the vertical incident axis Z of microlenses in micro- 
lens disk 2. This tilted angle 6 is determined in relation 
to the distance between microlens disk 2 and Nipkow 
disk 3 and the thickness of dichroic mirror 41. The laser 
light diaphragmed by the microlenses is shifted for its 
optical axis by dichroic mirror 41, transmitted through 
pin-holes in Nipkow disk 3 adjusted to be vertical under 
the microlens disk in the same pattern, and scanned 
over a sample by being rotated with motor 5. Here, 
since the other operations are the same as those in the 
prior art, their description is omitted. 

In the above-described manner, the optical axis 
shift due to the plate dichroic mirror can be corrected by 
having the laser light be incident to microlens disk 2 with 
the laser light tilted from vertical. 

Figure 6 is a drawing showing the second embodi- 
ment of the present invention. In the above embodi- 
ment, the optical axis of the laser light is tilted from the 
vertical incident axis to the microlenses. However, in the 
case of Figure 6, a unit in which microlens disk 2, Nip- 
kow disk 3, dichroic mirror 41 , and motor 5 are inte- 
grated is tilted by angle 8 from laser 1 with the optical 
axis of original laser 1 aligned with the vertical incident 
optical axis of objective lens 6. In such a configuration, 
the same effect can be obtained as in the first embodi- 
ment above. 

In addition, this invention can be applied not only to 
fluorescence confocal light scanners but also to reflec- 
tion confocal light scanners which use beam splitters 
(or half-mirrors or polarized beam splitters) instead of 
dichroic mirrors. 

As explained above, the present invention can can- 
cel the shift of the laser light optical axis due to the plate 
dichroic mirror by tilting the optical axis by a significant 
angle against microlens disk 2 and facilitate the use of 
the plate dichroic mirror having a characteristic of good 
fluorescent light separation from the exciting light. 

In addition, the following configuration can also be 
employed as a measure for improving light-using effi- 
ciency. That is, it can be achieved by widening the field 
of view in a confocal microscope shown in Figure 1 . 
However, in this confocal microscope, microlenses of a 
long focal length and with a small number of apertures 
(NA) cannot but be used to widen the field of view. This 
configuration, however, has the following problems: 

(1) General-purpose microlenses of a short focal 
length and with large NA's cannot be used and, 
thus, this leads to a high price. 
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(2) It is difficult to construct a measurement system 
with a wide field of view and large NA's. For exam- 
ple, if a wide area, such as the surface of an IC, is 
to be viewed at low magnification, an ordinary low- 
magnification objective lens cannot provide a suffi- 5 
cient slice image because of its small NA's, while in 
order to obtain a wide field of view and large NA's, 
small pin-holes and large NA microlenses are nec- 
essary; but it is difficult as mentioned above. 

10 

(3) Although the reflection-excited dichroic mirrors 
used in commercially available incident-light fluo- 
rescence microscopes transmit longer wavelengths 
and reflect shorter wavelengths, the above confo- 

cal microscope has a construction to transmit 15 
shorter wavelengths and reflect longer wave- 
lengths. This prevents the use of a commercially 
available dichroic mirror. 

In order to solve this problem, in the following 20 
embodiment, the optical axis is introduced to the periph- 
eral side and returned to the pin-holes with another mir- 
ror. In this case, the length of light path is extended with 
relay lenses. This enables a microlens of a short focal 
length to be used and also, a commercially available 25 
dichroic mirror can be used as the beam splitter. 

Details will be explained for the embodiment. In Fig- 
ure 7, M 1r M 2 , and M 3 are the first, second and third 
reflection mirrors respectively and L 1 and L 2 are the first 
and second relay lenses. 30 

The light that transmit through microlens ML in con- 
verging disk 2 is reflected with the first mirror M t , dia- 
phragmed with first lens L t and is incident to beam 
splitter 12 (here, a dichroic mirror). This incident light 
has shorter wavelengths, is reflected with dichroic mir- 3S 
ror 12, then reflected with mirror M 2 , diaphragmed with 
second lens L 2 , reflected with third mirror M 3 and 
focused on pin-hole PH in pin-hole disk 3. 

The light focused on pin-hole PH transmits through 
objective lens 6 and irradiates sample 7 similar to that in 40 
the prior art. The return light from the sample transmits 
through objective lens 6 and forms the image of the 
sample on pin-hole PH. This real image is reflected with 
third mirror M 3 , diaphragmed with second lens L2, 
reflected with second mirror M 2 , transmitted through 45 
beam splitter 12, and then diaphragmed with converg- 
ing lens 43 and focused on the light-receiving plane of 
camera 9. 

In this case, mirrors M 1a M 2 , and M 3 , lenses L 1 and 
L 2 , beam splitter 12, converging lens 43, and camera 9 so 
are arranged in fixed positions. In this configuration, the 
lengths of each light path from each microlens ML to its 
corresponding pin-hole PH are all the same. 

As described above, since the light path distance is 
extended using relay lenses L 1 and L 2 so that the optical 55 
axis is introduced to the peripheral side of disks 14 and 
15 with reflection mirror M 1 and is returned to pin-hole 
PH with second and third reflection mirrors M 2 and M 3 , 
microlens ML of a short focal length can be used. 



In addition, since beam splitter 12 in this embodi- 
ment reflects the incident light and transmits the return 
light, a dichroic mirror of the type which reflects the inci- 
dent light and transmits the return light can be used 
instead of beam splitter 12. 

Further, a microlens of a short focal distance for 
optical fibers available on the market can be used as 
microlens ML. 

The adoption of such construction makes the use of 
microlenses of a short focal length and large NA's pos- 
sible and enables the NA's of microlenses and the NA 
incident to pin-holes to be designed separately. 

Figure 8 is a drawing showing the configuration in 
another embodiment of the present invention. The dif- 
ference from Figure 7 is the configuration where second 
lens L 2 is located between third mirror M 3 and pin-hole 
disk 15 so that the system can cope with a large NA 
objective lens. 

For instance, the number of apertures of the objec- 
tive lens is normally 0.2 for a magnification of 10 in 
generic cofocal microscopes and, thus, the NA's at the 
pin-hole is 0.2/1 0 = 0.02. In this case, the pin-hole diam- 
eter is 30 (Jim. While, in the case of large NA's, i.e., a 
magnification of 10 and an objective lens NA of 0.9, the 
NA's at the pin-hole is 0.09 and the pin-hole diameter is 
7 jim. 

Employing the configuration as shown in Figure 8, 
small pin-holes and large NA microlenses can be used 
together with a large NA objective lens. 

Figure 9 is a drawing showing the configuration in 
yet another embodiment of the present invention. The 
difference from that in Figure 7 is that there are two mir- 
rors (M! and M 3 ) omitting second mirror M 2 . 

In addition, an embodiment shown in Figure 10 is 
equivalent to the configuration where second lens L 2 is 
removed in Figure 7. 

As described, in the embodiments explained above, 
the insertion of mirrors and lenses between the micro- 
lenses and pin-holes enables the NA's of the micro- 
lenses on the light source side and the NA's on the pin- 
hole side to be designed independently. Therefore, the 
small pin-holes and the microlenses of a short focal 
length and with large NA's can be employed, facilitating 
the implementation of the measuring system of a wide 
field of view and large NA's. 

Further, since the light path length from the micro- 
lenses to the pin-holes is extended using relay lenses, a 
reflection-excitation dichroic mirror can be used instead 
of a beam splitter and a confocal microscope having a 
sufficient wave length characteristic and having a low 
cost can easily be realized. In addition, by tilting these 
mirrors M 1 and M 3 , a plate dichroic mirror can be used. 

Another measure for improvement of light-using 
efficiency, that is, a configuration to improve the light- 
using efficiency at the periphery of the field of view and 
the resolution in a microscope consisting of an infinite 
optical system, is explained below. 

Figure 1 1 shows an example of the essential part of 
the optical system when an optical scanner is attached 
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to such a type of microscope in the prior art. In this fig- 
ure, the number 10 indicates an optical scanner, 20 a 
tube lens, and 30 the objective lens. The laser light con- 
verged by microlens ML in the optical scanner becomes 
a point source at the pin-hole (the point sources of three 
pin-holes are typically shown in the figure), and the light 
beams from these point sources become parallel with 
each other via tube lens 20 and are incident to objective 
lens 30. 

In this case, since a microscope consisting of an 
infinite optical system is configured based on the princi- 
ple of Koehler illumination to illuminate the sample in 
the highest brightness, the interval "b" between tube 
lens 20 and objective lens 30 is not equal to the focal 
length "a" of tube lens 20. Accordingly, if a confocal opti- 
cal scanner with pin-holes is attached to such a micro- 
scope having an infinite optical system, the light from 
the outside of the pin-hole array is incident to positions 
shifted from the center of the aperture of objective lens 
30 as shown in Figure 12 including the following prob- 
lems 

(1) The diameter of the aperture is small depending 
on the kind of objective lens 30 and this reduces the 
light quantity from the outside pin-holes and, thus, 
the illumination light quantity declines at the periph- 
ery (illumination nonuniformity occurs). 

(2) Since the aperture of the objective lens cannot 
be filled with the light from the outside pin-holes 
and, thus, the number of apertures (NA) of objec- 
tive lens 30 cannot be fully utilized, the resolution 
becomes low at the outside area. 

In order to resolve these problems, the configura- 
tion shown in Figure 13 suffices. The difference 
between Figure 13 and Figure 11 is that spacer 50 is 
inserted between tube lens 20 and objective lens 30 so 
that the distance between tube lens 20 and objective 
lens 30 is equal to the focal length "a" of tube lens 20. 

Spacer 50 is a hollow ring engaged with a cylinder 
(not shown) to which tube lens 20 and objective lens 30 
are mounted, which extends the cylinder. If such spacer 
50 is mounted to equalize the distance of tube lens 20 
and objective lens 30 to the focal length "a" of tube lens 
20, the laser light from all pin-holes PH is incident to the 
center of the aperture of objective lens 30 as a result, as 
shown in Figure 14. 

In addition, in the case of this embodiment, the opti- 
cal system holds without microlenses ML. 

In the above embodiment, since the laser light from 
the pin-holes at the outside area can be incident to the 
center of the aperture of the objective lens, the following 
effects are obtained. 

(1) Light loss is eliminated because the light quan- 
tity from the pin-holes from the outer part of image 
area is not reduced by the diameter of the aperture 
of the objective lens and, thus, the light-using effi- 
ciency is raised and no illumination nonuniformity is 



generated as well. 

(2) Both pin-holes at the outer part and center part 
of the image area can equally and effectively use 
the aperture of the objective lens, the number of 
s apertures does not decrease, and lowering of the 
resolution only for the outer part does not occur. 

The above described embodiment is for micro- 
scopes of an infinite optical system; for microscopes of 
10 a finite optical system, the following configuration will be 
made. 

For microscopes of a finite optical system, the dis- 
tance of pin-hole PH and objective lens 30 is equal to 
the image focal length "a" as shown in Figure 15. For 

15 this reason, all light beams from pin-holes PH are inci- 
dent to objective lens 30 with their optical axis at 0 
degree and in parallel with each other, and the light from 
the outer part is incident to the shifted part from the 
center of the aperture of objective lens 30 as shown in 

eo Figure 16. If a lens having the same focal length as the 
image focal length of the objective lens is provided 
between the minute openings and the objective lens to 
enable the light from all minute openings to be incident 
to the center of the aperture of the objective lens, the 

25 loss of light at the outer part can be eliminated and the 
light-using efficiency can be improved. Also, the resolu- 
tion at the outer part can be raised. 

Figure 17 shows an embodiment of such a configu- 
ration. The difference between Figure 17 and Figure 15 

30 is that field lens 60 is provided immediately under the 
pin-hole array. Field lens 60 has the same focal length 
as the image focal length "a" of objective lens 30 in a 
finite optical system microscope and placed close to 
pin-hole array 11 (in other words, immediately under 

35 pin-hole array 11). 

The laser light is diaphragmed by microlens ML into 
pin-hole PH and the optical axis of the laser light that 
passes through pin-hole PH is deflected toward the 
center of the objective lens 30 aperture by field lens 60 

40 placed immediately under pin-hole PH. Accordingly, the 
laser light from all pin-holes PH is incident to the center 
of the aperture of objective lens 30 as shown in Figure 
18. 

The optical axis of the return light from the sample 
45 (not shown) is deflected by field lens 60 so that the opti- 
cal axis is incident at 0 degree to pin-hole PH. This 
increases the light-using efficiency. 

In this case, if field lens 60 is considerably distant 
from the pin-hole surface, an aberration occurs. How- 
50 ever, generally, since the focal length "a" can be 
designed to be about 200 mm, the distance between 
pin-hole PH and field lens 60 to be about 10 mm, there 
is virtually no problem from the aberration. 

Figure 19 is a drawing showing the configuration of 
55 the essential part in the third embodiment of the present 
invention. In this figure, the number 71 shows a relay 
lens and number 72, a lens. 

Relay lens 71 forms the image plane of pin-holes 
PH in the position of the image focal length "a" of objec- 
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tive lens 30 and is placed between pin-holes PH and 
objective lens 30. 

Lens 72 has the same focal length as the image 
focal length "a" of objective lens 30 and is placed in the 
position of the image plane of pin-holes PH obtained by 
relay lens 71 . 

Such a configuration enables all the light from the 
pin-holes to be incident to the center of the aperture of 
objective lens 30. 

The present invention is not limited to the above 
embodiments but can be appropriately modified or suit- 
ably changed. For example, microlens ML may be omit- 
ted. Also, the shape of a minute opening is not limited to 
a circle, but may be other shapes, in as much as the 
same purpose can be accomplished. 

In addition, in such a configuration, a plate beam 
splitter can be used by applying a method to have the 
light be incident to the above-described microlens with 
its optical axis tilted to the microlens. 

Claims 

1. A corrfocal microscope using a confocal light 
scanner comprising two integrated disks in each of 
which a plurality of microlenses and a plurality of 
minute openings are arranged in an array respec- 
tively in the same pattern, a means to rotate these 
two disks, and a beam splitter inserted between the 
two said disks; wherein the said confocal light 
scanner 

employs a plate beam splitter as the said 
beam splitter, and 

is configured so that the light incident to the 
said microlenses focuses on the said minute open- 
ings positioned corresponding to the relevant mic- 
rolenses by tilting the optical axis of the incident 
light to the said microlenses to the incident optical 
axis vertical to the microlenses. 

2. A confocal microscope using a confocal light 
scanner comprising two integrated disks in each of 
which a plurality of microlenses and a plurality of 
minute openings are arranged in an array respec- 
tively in the same pattern, a means to rotate these 
two disks, a beam splitter inserted between the two 
said disks, and an objective lens placed between 
the two disks and the sample; wherein the said 
confocal light scanner 

employs a plate beam splitter as the said 
beam splitter, and 

is configured so that the optical axis of the 
emitted light from the said minute openings coin- 
cides with the incident optical axis vertical to the 
said objective lens, by aligning the optical axis of 
the incident light to the said microlenses with that of 
the incident light vertical to the said objective lens 
and by tilting the two integrated disks to the optical 
axis of the incident light vertical to the said objective 
lens. 



3. A confocal microscope using a confocal light 
scanner comprising a disk unit which consists of a 
pin-hole disk having a plurality of minute openings, 
a condensing disk in which a plurality of condensing 

s means are formed, and a means to couple the said 
pin-hole disk with the said condensing disk so that 
the said number of minute openings are arranged in 
the focal points of the said plurality of condensing 
means, and a means to rotate this disk unit, and 

10 irradiating the irradiated light that has passed 
through the said minute openings to a sample 
through an objective lens, and scanning the surface 
of the sample with the said irradiated light; wherein 
the said confocal light scanner is provided 

75 with a beam splitter to cause the incident light path 
to branch off and a return light path placed in the 
light path between the said condensing disk and the 
said pin-hole disk, at least one relay optical system, 
and at least two reflecting mirrors. 

20 

4. A confocal microscope in accordance with claim 3, 
wherein the said beam splitter is installed on the 
outer side of the optical axis of the said condensing 
means and the said minute openings for the said 

25 rotating shaft of the said condensing disk and the 
pin-hole disk. 

5. A confocal microscope constructed by attaching a 
confocal light scanner which has a pin-hole array 

so having a plurality of minute openings to a micro- 
scope of an infinite optical system, and which is 
configured so that the laser beams from the said 
minute openings in the pin-hole array are irradiated 
to a sample through a tube lens and an objective 

35 lens and the return beams from the sample return 
to the said pin-holes through the said objective and 
tube lenses, thus configuring it so that an image on 
the sample surface can be observed by scanning 
the sample surface with the light by rotating the said 

•to pin-hole array; 

wherein the distance between the said tube 
lens and objective lens is set to be equal to the focal 
length of the tube lens. 

45 6. A confocal microscope constructed by attaching a 
confocal light scanner which has a minute opening 
portion having a plurality of minute openings to a 
microscope of a finite optical system, and which is 
configured so that the laser beams from the said 

so minute openings are irradiated to a sample through 
an objective lens and the return beams from the 
sample return to the said minute openings through 
the said objective lens, thus configuring ft so that an 
image on the sample surface can be observed by 

55 scanning the sample surface with the light by rotat- 
ing the said minute opening portion; 

wherein a lens having a focal length equal to 
the image focal length of the said objective lens is 
placed between the said minute opening portion 
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and the said objective lens. 

7. A confocal microscope in accordance with claim 6, 
wherein the said lens between the minute opening 
portion and the said objective lens is a field lens s 
placed close to the minute opening portion and is 
arranged so that all the light beams from the said 
minute opening portion are incident to the center of 
the aperture of the said objective lens. 

10 

8. A confocal microscope in accordance with claim 6, 
wherein the said lens comprises a relay lens which 
forms the image plane of the said minute openings 
in a position whose distance from the said minute 
opening portion is equal to the image focal length of 15 
the said objective lens, and a lens having a focal 
length equal to the image focal length of the said 
objective lens and placed in the image plane of the 
minute openings formed by the said relay lens, and 
these two lenses are arranged so that all the light 20 
beams from the said minute openings are incident 

to the center of the aperture of the said objective 
lens. 

9. A confocal microscope in accordance with claim 6, 25 
claim 7 or claim 8, wherein the said confocal light 
scanner has a plurality of microlenses to diaphragm 

the laser light incident to the said minute openings 
into each minute opening. 

30 



35 



50 



7 



EP 0 753 779 A2 



Fig.1 (Prior Art) 
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Fig. 3 
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Fig. 6 
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Fig.7 
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Fig.8 
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Fig.9 
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Fig. 10 
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Fig. 11 (Prior Art) 



Optical Scanner: 10- 



ML- 
PH- 



Laser 



Tube Lens:20 



Objective Lens:30 J 



JQ 



Fig. 12 



Aperture of Objective Lens 




Laser Light from outside of Image Area 



14 



EP0 753 779 A2 



Fig. 13 
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Fig. 15 (Prior Art) 
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Fig. 17 
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